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Jatropha curcas L., a multipurpose bush/small tree belonging to the family of Euphorbiaceae, is a native of tropical America, but now thrives in many parts of the tropics and sub-tropics in Africa or Asia. In normal conditions the plant will fruit once a year, yielding 2-5 t of dry seed/ha/year, after 5 years, depending on the genetic variety, agro-climatic conditions and the management input (Herák et al. 2010; Francis et al. 2005; Tewari 2007 ). The seeds contain 30-35% oil by weight, which can easily be converted into bio-diesel meeting the standards of US, Germany and European Standard Organization (Azam et al. 2005) . The seeds and oil are not edible due to the presence of toxins as phorbol esters, trypsin inhibitors, lectins, phytates (Francis et al. 2005) . Jatropha can be utilized for different purposes, it can be used for erosion control, recreation, fire wood, grown as a hedge; the bark is rich in tannin and produces dark blue dye. Leaves are used for rearing of silkworm, in dyeing and in medicine as anti-inflammatory substance. Seed cakes are used as fertilizer, solid fuel, or for biogas production (Openshaw 2000; Karaj, Müller 2009 ). Despite all various purposes, the application as fuel is probably the most interesting from both economical and ecological point of view (Bredeson 2007) .
The optimal design and control of many primary production and postharvest operations requires an understanding of the dynamic behaviour of agricultural particulates. In agricultural and food processes involving particulates, interest is not only focused on the mechanical behaviour and flow of particles within the bulk system but also on the resulting deformation of the individual particles (Raji, Favier 2003) . Agricultural and food materials tend to behave as viscoelastic materials when they are subjected to various conditions of stress and strain (Rong et al. 1995) . Furthermore, it was reported that most agricultural materials are elastic during the first portion of a load-deformation curve, but have viscoelastic properties with increased loading (Zoerb 1967) . Thus, once the elastic region is extended, properties are time-dependent and the effect of deformation rate becomes more noticeable.
The relationship between pressing force and moisture content are important factors for determining the energy demands of oil extraction from oilseed crops. With proper setting of the pressing force in relation to the optimal moisture content, minimum energy input but high efficiency can be achieved within a technology line. Knowledge of the forcedeformation characteristics in relation to energy requirement of many agricultural seed crops is available (Bilanski 1966; Poulsen 1978; Kang et al. 1995) but little is known about the Jatropha curcas L. seeds. The purpose of this study was to investigate the behaviour of different moisture contents of Jatropha curcas L. seeds under compression loading. Parameters including maximum deformation, deformation energy, deformed volume and unit volume energy were also considered in the study.
MAteriALS AnD MetHoD

Materials
Matured dried jatropha seeds cleaned from any foreign materials such as dirt, dust, small branches, leaves and immature seeds were used for the experiment. To get the samples of different moisture contents ranging from 1% (w.b.) to 37% (w.b.), the cleaned jatropha seeds were divided into four samples and each was soaked in water and kept in a refrigerator at 5°C for different number of days. After each required conditioning period, 20 seeds were selected at random from each sample while in the refrigerator and were allowed to gradual thawing and moisture equilibration for 1 h before oven treatment. The standard hot air oven method with a temperature setting of 105°C and a drying time of 17 h (ISI 1966) was used to determine the moisture content. First the initial mass (g) of each sample ( 1) where: M i -weight of the sample in the initial state (g) M c -weight of the sample after drying (g)
Compression loading test
The Jatropha curcas L. seeds with various moisture contents ranging from 1%, 10 %, 32% and 37% (w.b.) were compressed to find the dependency between force and deformation. Each sample measured 40 mm as height of the seeds contained in the pressing vessel with diameter of 76 mm. With the pressing plunger on top of the measured seeds in the pressing vessel (Fig. 1) , ZDM 50-2313/56/18 ( Fig. 1) (VEB, Dresden, Germany) device was used for the compression which recorded the force-deformation functions in an exact and analogical manner. The seeds were pressed under temperature of 20°C and a pressing rate of v = 1 mm/s. The experiment was repeated three times for each sample.
Compression curves
The jatropha seeds of different moisture content subjected to compression test showed different force-deformation characteristics under the same laboratory conditions with respect to temperature and humidity. The differences in the curves were as a result of the moisture treatment given to each sample as described in the section of materials and method. For instance the force-deformation characteristic of moisture content 37% (w.b.) was extremely different from that of moisture content 32% (w.b.) as well as 10% (w.b.) and 1% (w.b.). This therefore suggests that moisture content has an influence on the behavior of the force-deformation curve and possibly not the prevailing laboratory conditions at the time of compression.
Maximum deformation (ΔL)
The maximum deformations (mm) for various moisture contents of the jatropha seeds were directly obtained from the force-deformation curve shown in Fig. 2 .
Deformation energy
Deformation energy is the area under the compressive force-deformation curve from the zero deformation to maximum deformation. The deformation energy was calculated using the Engauge Digitizer 4.1 software (Mark Mitchell, NY, USA) which gives measurement of all points under the curve with respect to compressive force and maximum deformation.
initial volume
The initial volume was calculated using Eq. (2): (2) where:
D -diameter of the pressing vessel 76 mm H -height of seeds in the pressing vessel (mm) Vol. 57, 2011, No. 2: 72-77 R es. Agr. Eng.
Unit volume energy
Unit volume energy is the ratio of the deformation energy and initial volume as described in Eq. 
reSULtS AnD DiSCUSSion
The results presented in Table 1 showed that increasing the moisture content of the jatropha seeds from 1% (w.b.) to 37% (w.b.) increased the deformation energy and unit volume energy. Moisture content 1% (w.b.) had deformation energy of 489.5 J while moisture contents 10% (w.b.), 32% (w.b.) and 37% (w.b.) obtained values of 347.2 J, 445.11 J and 802.6 J, respectively. However, the energy used for moisture content 1% (w.b.) was higher than the energy requirement for 10% (w.b.) and 32% (w.b.) but substantially lower than the 37% (w.b.). Unit volume energy values ranged from 1.9.10 6 to 4.4.10 6 J/ m 3 . This parameter including deformation energy and initial volume helps to determine the power required for the compressive device. The higher the moisture content the higher the energy required for efficient compression. Also the characteristic curve obtained from the deformation energy and unit volume energy as a function of moisture content shown in Fig. 3 gives an indication that at moisture content of 16% (w.b.), minimum energy utilization but high efficiency can be achieved during compression.
The R 2 coefficient of determination value was 0.87. Statistical analysis ANOVA which was calculated in the MathCAD 14 software (PTC, Needham, USA) for the level of significance 0.05, the value of F crit = 5.98 (critical value compares a pair of models) was higher than F ratio = 5.9 × 10 -8 value (value of the F test). Amount of P value; P = 0.9 (significance level at which the hypothesis of equality of models can be rejected) was higher than 0.05 significance level. This shows that polynomial function can be used for fitting determined amounts of energy. The relationship between determined amounts and polynomial function amounts was statistically significant.
Also for all moisture contents the initial volume value was the same. However, this did not affect the values obtained for the unit volume energy. But increasing the pressing height will definitely increase the unit volume energy. Maximum deformation increased with increasing moisture content. The values range from 28.2 to 34.9 mm for moisture content ranging from 1% (w.b.) to 37% (w.b.). Actually, the pressing force and the deformation characteristics are wide-ranging monotonic increasing or decreasing functions; thus, if the pressing force is increased the deformation also increases. In some situations, the pressing force and the deformation characteristics are local monotonic functions due to the fact that an increase in deformation does not increase the pressing force (Faborode, Fevier 1996; Očenášek, Voldřich 2009; Tavakoli et al. 2009 ). With respect to wave effect characteristics, jatropha seeds of moisture contents 1% (w.b.) and 10% (w.b.) displayed a normal force-deformation curve while 32% (w.b.) and 37% (w.b.) moisture contents showed wave effect characteristic; moisture content 37% (w.b.) showed the greatest effect. This explains that under compression loading test moisture content of seeds higher than 37% (w.b.) will exhibit more wave-effect characteristic causing vibration of the compression device.
ConCLUSion
Jatropha curcas seeds of moisture content 1% (w.b.) and 10% (w.b.) exhibited normal force-deformation curve while increasing the moisture content to 32% (w.b.) and 37% (w.b.), respectively, showed wave effect characteristics. The wave effect characteristics were followed with vibration of the compression device. It was found in this study that the higher the moisture content the higher the maximum deformation, deformation energy and unit volume energy. The R 2 coefficient of determination value of 0.8 obtained from deformation energy and unit volume energy as a function of the various moisture contents reveals that jatropha seeds of moisture content 16% (w.b.) would require minimum energy utilization but high efficiency during compression. Vol. 57, 2011, No. 2: 72-77 R es. Agr. Eng. 
